Magnesium dependence of the amplified conformational switch in the trans-acting hepatitis delta virus ribozyme.
The ability of divalent metal ions to participate in both structure formation and catalytic chemistry of RNA enzymes (ribozymes) has made it difficult to separate their cause and effect in ribozyme function. For example, the recently solved crystal structures of precursor and product forms of the cis-cleaving genomic hepatitis delta virus (HDV) ribozyme show a divalent metal ion bound in the active site that is released upon catalysis due to an RNA conformational change. This conformational switch is associated with a repositioning of the catalytically involved base C75 in the active-site cleft, thus controlling catalysis. These findings confirm previous data from fluorescence resonance energy transfer (FRET) on a trans-acting form of the HDV ribozyme that found a global conformational change to accompany catalysis. Here, we further test the conformational switch model by measuring the Mg(2+) dependence of the global conformational change of the trans-acting HDV ribozyme, using circular dichroism and time-resolved FRET as complementary probes of secondary and tertiary structure formation, respectively. We observe significant differences in both structure and Mg(2+) affinity of the precursor and product forms, in the presence and absence of 300 mM Na(+) background. The precursor shortens while the product extends with increasing Mg(2+) concentration, essentially amplifying the structural differences observed in the crystal structures. In addition, the precursor has an approximately 2-fold and approximately 13-fold lower Mg(2+) affinity than the product in secondary and tertiary structure formation, respectively. We also have compared the C75 wild-type with the catalytically inactive C75U mutant and find significant differences in global structure and Mg(2+) affinity for both their precursor and product forms. Significantly, the Mg(2+) affinity of the C75 wild-type is 1.7-2.1-fold lower than that of the C75U mutant, in accord with the notion that C75 is essential for a catalytic conformational change that leads to a decrease in the local divalent metal ion affinity and release of a catalytic metal. Thus, a consistent picture emerges in which divalent metal ions and RNA functional groups are intimately intertwined in affecting structural dynamics and catalysis in the HDV ribozyme.